The demand for energy, water and food will continuously increase, as the prediction states that 2.5 billion people will be added to the world population by 2050, representing not only an increase in the consumption but also more waste production, greenhouse gas (GHG) emissions and depletion of natural resources. Taking into account that renewable sources of energy can help to overcome these challenges and diversify the energy matrix in the countries, this paper aims at analyzing the biogas potential in Brazil and the United States, especially in the livestock sector, and its benefits in the environmental, social and economic aspects. Both countries are among the top five countries globally in terms of water availability, energy consumption and food production. Until 2050, the world consumption of meat will have a significant increase: 206% of poultry meat, 56% of pork meat and 47% of beef meat, augmenting the need for sustainable management of waste and manure. This scenario can become a sustainable opportunity for biogas implementation, which provides multiple economic, environmental and social benefits for farmers, businesses and communities, including production of electrical, thermal and vehicular energy, production of high-quality biofertilizer, reduction of ground and surface water pollution and reduction of GHG emissions, and foments new income for the farmers, among others. A new concept is presented in this article to make biogas systems feasible, i.e., biogas condominiums, as small and medium-scale farms by themselves usually would not be able to afford the investments. This arrangement can bring benefits for the whole biogas supply chain that includes farmers, agroindustry, providers and local community.
Introduction


The continued world population growth until 2050 is inevitable, even with the decline of human fertility. The United Nations Department of Economic and Social Affairs estimates that the population will be 8.6 billion in 2030 and 9.4-10 billion in 2050 [1] , demanding a food production increase of 60% and requiring 45% more energy and 30% more water (19% increase of agricultural water consumption) [2] . To accommodate this population, cities need to become more organized and sustainable to ensure health and education, manage and optimize natural resources to has led countries to use agriculture and livestock as an important source of renewable resources for clean energy generation. Eisler et al. [5] sustain that "with animal protein set to remain part of the food supply, we must pursue sustainable intensification and figure out how to keep livestock in ways that work best for individuals, communities and the planet".
At this juncture, one technology that integrates the water-energy-food nexus is biogas [3] , which stands as a systemic source of energy generated by the proper treatment of animals, vegetables, human and industrial wastes. Biogas can also transform environmental liabilities into economic assets through two results: directly through the generation of electric, thermal and vehicular energy (biomethane) and bio-fertilizer; indirectly with the reduction of greenhouse gases (GHG) emissions and thereby mitigating global warming. Unlike intermittent renewable energy alternatives, such as wind and solar power, biogas supplies a continuous source of energy with a very high capacity factor, which is calculated by dividing the total amount of energy the plant produced during a period of time and the amount of energy the plant would have produced at full capacity. For these reasons, biogas systems have become a focal topic for many local, state and national policymakers, and the organic waste is today recognized as a resource to use rather than a problem to manage.
This article presents the biogas outlooks for Brazil and the US, focusing on the livestock sector, and the benefits of this source of energy in the environmental, social and economic aspects. Both countries present very similar scenarios regarding the opportunities for use of this energy source: among the five countries with the largest population and territorial extent, leaders in food production, large energy consumers and among the countries with greater availability of water in the world.
Biogas: Benefits and Limitations
Biogas is a biofuel produced from the decomposition of organic matter (organic waste) by bacteria. It is defined as the gas product from anaerobic digestion. Briefly, the biogas production starts with the concentration of the organic material into a digester system. The anaerobic degradation of this organic substrate is a fermentative and oxidative process, which happens under anaerobic conditions, that is in the absence of oxygen. The organic material is broken down and the biogas is produced, composed mainly by methane, which can be converted into electric, thermal and vehicular energies. The digested material (solid and liquids) can be used as fertilizer to increase agricultural productivity (Fig. 1) .
The primary biogas system feedstock can be obtained from:
(a) Municipal solid waste: mixed municipal solid waste delivered to landfill (about 30% organics); (b) Wastewater biosolids and primary sludge: by-product of water recovery treatment process; (c) Food loss and waste: the amount of edible food that is available for human consumption, but is not consumed for any reason; (d) Food production residuals: by-products of the food production and processing industry; (e) Livestock manure: dairy, swine, poultry and beef. Biogas is mainly composed of methane, which lifetime in the atmosphere is much shorter than CO 2 , but CH 4 is more efficient at trapping radiation than CO 2 . According to Metcalf & Eddy [6] , biogas may contain water vapor traces (H 2 O vapor), H 2 S, N 2 , O 2 , H 2 , CO and NH 3 , as shown in Table 1 . Pound for pound, the comparative impact of methane on climate change is more than 25 times greater than CO 2 over a 100-year period [7, 8] .
Successful biogas systems have a great potential to capture methane that would escape into the atmosphere and utilize it to create energy (e.g., electricity, heat, vehicle fuel) and non-energy products, such as nutrient rich soil amendments, pelletized and pumpable fertilizers/digestate, and even feedstock for plastics and chemicals.
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Fig. 1 Overview of biogas production process.
Source: USDA, 2014 [9] . 
Benefits
Biogas processes can provide multiple economic, environmental and social benefits. These benefits are diverse and multifaceted. They include, but are not limited to, the following: 2.1.1 Environmental Benefits Some important biogas environmental benefits are: (a) The appropriate waste management, converting into biogas, can mitigate ground and surface water pollution, air and solid contamination. Biogas generation does not require any intervention into nature and does not pose threats for biodiversity loss [11] ; (b) Capture of uncontrolled methane emission, thus reduction of GHG emissions. The reduction of 1 kg of methane is equivalent to the reduction of 25 kg of CO 2
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Electric, Thermal and Vehicular Energy Use 261 in terms of global climate change reduction potential [9] ; (c) Replacement of fossil fuels for thermal and electric energy, such as petroleum, nuclear, coal and natural gas [9] ; (d) Replacement of fossil fuels for mobility, as diesel and gasoline. Biogas can be upgraded and converted into biomethane, which has a GHG reduction potential of 96% compared to diesel and 97% compared to gasoline [12] (Fig. 2) ; (e) As by-product of biogas production, the digestate can be used as an organic fertilizer for crops and soil improvement, building and maintaining healthy and productive soils needed for sustainable food production. With this, costs and emissions of artificial fertilizers can be saved and mitigated. Evaluations have shown that 13 kg CO 2 equivalent per ton (CO 2 eq/ton) can be saved when digestate replaces mineral fertilizer [12] ; (f) Reduction of odor and pathogenic vectors in the farms, as they are extensively mitigated during the digestion process. In an anaerobic digester, volatile organic compounds are reduced to CH 4 and CO 2 , which are odorless gases. Biogas plants also serve as a method of waste and sewage disposal [11] ; (g) Improvement of animal health. The feedlots and dairies that use anaerobic digestion facilities are also healthier from a nutrient management and animal health perspective [12] ; (h) Smaller physical footprint for organics waste processing versus composting [9] .
Economic Benefits
Besides mitigating environmental impacts on livestock activities, biogas can also provide economic benefits for farmers, supply chain and local communities, such as:
(a) Avoiding costs of on-site electricity, heat, transportation fuel and fertilizer, as biogas will produce both products inside the farm, providing more competitiveness in the activity. The average of electric energy tariff for Brazilian agribusiness is still higher than in other countries. The study named "how much electricity for industry in Brazil costs", carried out by the Federation of Industries of the State of Rio de Janeiro (FIRJAN) indicates that the national average tariff is 99.0 USD/MWh, about 25% above the average for 28 other countries [13] ;
(b) Promotion of new income for the farmers, as they can locally sell electric, thermal and vehicular energy, and also fertilizer. The biogas can be used on-site to offset energy costs, and can also be sold to utilities to promote a more resilient and diversified energy system composition [9] ; (c) With energy security. The production of biogas is less sensitive to climate changes, constituting a firm and safe source of energy with the expected quality. Climate change has altered the hydrological cycle (evaporation-precipitation), inducing the reduction of water levels in the reservoirs in atypical periods, which also contributes to increase the risk of energy shortages for those countries, such as Brazil that has a Source: European Biogas Association [12] .
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2.1.3 Social Benefits Biogas can also provide benefits in social aspects, as discussed below:
(a) Environmental awareness for its collaborators and neighboring communities, since they will be involved in sustainable methods of production and energy, carrying out daily activities thinking about saving natural resources;
(b) The processing of animal manure in biogas system obviously improves sanitary conditions in the locality. The initial pathogenic potential of the raw materials is greatly reduced by the digestion process, since most of the diseases causing microbes are aerobic in nature [11] ; (c) Improve rural infrastructure for waste management and distributed energy delivery, enhancing community health, resiliency and viability [12] ; (d) Biogas system can also play a vital role in helping communities adapt to and become more resilient to the effects of climate change. The distributed nature of the biogas systems can increase the reliability of critical services, such as food, energy, waste management, wastewater treatment and transportation, during and after disasters [9] ; (e) Employment generation during the construction phase of biogas systems and also after the implementation, mainly for maintenance and operation of the system [12] ; (f) Professional training of employees: provision of skills enhancement and employment for rural areas.
To the extent that the introduction of biogas technology generates jobs and higher income while improving living conditions, it may be presumed that fewer rural inhabitants will be drawn away to urban centers to search for a job [11] ;
(g) Technological development in the region and partnership with several educational institutions, national and multinational companies.
Limitations
Besides all the biogas benefits presented on the environmental, economic and social aspects, there are some limitations associated with the implementation of farm-based biogas that need to be considered as well. The upfront capital investment is reasonably high, about 7,613 USD for 1,000 swines [15, 16] , 289,000 USD for 1,000 dairy cows [14] , or 1,200 USD for 1,000 broilers [17] , and although the life cycle benefits may exceed the initial cost, many medium and small-scale farmers can not afford the initial investment without grants or private financing sources. Furthermore, biogas processes require certain technical skills to operate and maintain, which many farmers do not have. The current technology requires a certain, larger sized farm in order to produce biogas in a usable quantity.
Additionally, unlike wind or solar technology, for which the developer can choose the best location, biogas systems have to be located on or near the farm, which is fixed in location. Consequently, the technology and the energy produced by the technology are located far away from the electricity grid. So if the farmer wants to create the additional revenue by selling electricity, it will also be necessary to invest in extensions from the grid to the farm, further enhancing the process.
Facing these challenges, one option is to create a biogas condominium composed by small-scale farmers, which together can make the biogas system possible and have mutual gains. One reference example was developed by Itaipu Binational and the International Center of Biogas, located in Foz do Iguaçu, Paraná State, Brazil, and will be presented in the next section.
Livestock and Biogas Potential in Brazil and the US
The population growth prediction until 2050 points that the world consumption of meat will have a significant increase: 206% of poultry, 56% of pork, and 47% of beef [18] . This scenario certainly demands greater production of grains to feed the animals, impacting the whole agricultural sector: 148% increase in soybean production, 117% corn and 49% rice [18] . In order to mitigate the environmental impacts caused by these activities, the use of biogas technologies is very important and can bring benefits for the whole supply chain, such as farmers, agroindustry, providers and local community. The following sections will present the livestock biogas potential in Brazil and in the US, mainly poultry, swine and cattle manure, as they are among the largest productions in both countries' livestock.
Livestock and Biogas Potential in Brazil
Brazil stands out among the largest food producers in the world, presenting several advantages related to the availability of water and arable land, appropriate technology to tropical and subtropical regions, rich biodiversity, large territorial extension with variations of climate, etc..
The agribusiness sector accounts for 23% of gross domestic product (GDP) in Brazil, representing the most competitive sector of the Brazilian economy, with 69.5% coming from agriculture and 30.5% from livestock [19] . The sector strongly contributes to the positive results of the Brazilian trade balance, representing 40% of exports and accounting for 24% of the country jobs.
Currently, Brazil stands out as the main world producer of sugar, coffee and orange juice, the second of soybean and beef, and the fourth of poultry meat, corn and pork. It is still the world's first exporter and sugar, coffee, orange juice and poultry, according to Table 2 .
Exports of Brazilian agribusiness products are expected to expand in the next 10 years. Among the products with the highest export growth potential in this period are pork, beef and poultry meat. Besides this prediction, by 2023 the country will be the fifth largest grain producer, behind USA, China, European Union and India [18] .
This scenario is very conducive to biogas use, as these production levels generate a meaningful amount of animal and vegetable wastes that can be converted into energy. The Paraná State Industry Federation (FIEP) [20] analyzed the biogas potential in the Brazilian livestock sector, and updating the data to 2015, it is likely to conclude that the country could [20] . 1 In this study, it was considered only dairy cows due to the total or partial confinement of these animals, which facilitates the logistics of manure collection, differently, for example, from beef cattle that are essentially created in an extensively way. 2 The manure production per animal per day was calculated considering 0.15 kg for broilers, 2.35 kg for swine and 12.5 kg for dairy cows [22] . 3 To calculate the biomethane potential it was considered 0.65, which represents the average of the biomethane conversion (0.5 to 0.8), as presented in Table 1 . Table 4 The US position in the ranking of production and export of the main commodities, and main buyers countries, in 2014. GWh/year of energy, which represents 3.6 millions ton oil equivalent per year, as presented in Table 3 . Considering the per capita electric power consumption in Brazil of 2,630 kWh/year (taking into account the entire consumption of the city, including residential, industry and commerce consumption, and public lighting) [23] , it is enough to power 6.21 million inhabitants per year with this biogas energy. The biomethane potential is 1,961,171 millions of gallons per year, which is equivalent to 1,667.42 million gallons of diesel or 1,848.34 million gallons of gasoline.
Product
It is essential to observe that the biogas potential presented considers only the quantity of wastes and manure that can be removed from the field. Thus, there is the need for adequacy and development technologies to collect these wastes in the field and to improve the logistics chain in the rural areas.
Livestock and Biogas Potential in the US
The US is one of the world's leaders in food production, essentially in grains and meat. Besides the agribusiness sector represents only 5.7% of the country's GPD, the amount of food produced is very representative worldwide [24] .
Currently, the US is the main world producer of corn, soybean, poultry meat and beef meat. It is still the world's first exporter of corn, pork meat, cotton and wheat (Table 4) .
According to the United States Department of Agriculture (USDA) projections, until 2025 the country will remain the world's largest corn exporter, increasing in response to rising global demand for feed grains to support growth in world meat production. Strong global demand for soybeans,
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As a result, total red meat, poultry and milk production of the US also increases over the next decade. As production increases, consumption of red meats and poultry is projected to rise from about 211 pounds per person in 2016 to 219 pounds in 2025, an increase of 4% [25] .
These circumstances imply a good opportunity for biogas generation in the country, which currently has more than 2,000 sites producing biogas from landfill, livestock and wastewater sectors. Studies from USDA concluded that with the proper support, more than 11,000 additional biogas systems could be deployed in the country. If fully realized, these biogas systems could produce the equivalent of 2.5 billion gallons of gasoline for vehicles, besides reducing methane emissions equivalent to 4-54 million ton GHG/year in 2030 [9] . Table 5 presents the energy potential from biogas derived from livestock manure in the US.
Considering the per capita electric power consumption in the US of 12,988 kWh/year [26] , it is sufficient to power around 3.2 million inhabitants per year with this biogas energy. The biomethane potential is 5,128,334.6 millions of gallons per year, which is equivalent to 4,360.21 million gallons of diesel or 4,883.29 million gallons of gasoline. The country has one of the highest electric power consumptions in the world, so the diversification of the electricity matrix is very relevant.
The states that have the highest concentration of biogas production with animal manure are California, Arizona, New Mexico and North Carolina (Fig. 3) . In the border between Nebraska, North Dakota, Minnesota and Iowa, there is also a representative biogas production. Biogas from livestock manure has been adopted by California as an eligible project type for the generation of offsets under its statewide cap-and-trade program. This means that there is potentially a developing market demand for offsets from dairy and swine manure digester projects [9] .
In this analysis were included dairy cows, pigs and chicken productions. The methane generation was calculated by animal type and manure management system at county level using data from 2007 census of USDA National Agricultural Statistics Service.
Regarding carbon emissions, methane accounts for nearly 9% of domestic GHG emissions, and 36% of these emissions come from the agricultural and [20] . 1 In this study, it was considered only dairy cows due to the total or partial confinement of these animals, which facilitates the logistics of manure collection, differently, for example, from beef cattle that are essentially created in an extensively way. 2 Census of Agriculture [27] . 3 The manure production per animal per day was calculated considering 0.15 kg for broilers, 2.35 kg for swine and 12.5 kg for dairy cows [22] . 4 To calculate the biomethane potential it was considered 0.65, which represents the average of the biomethane conversion (0.5 to 0.8), as presented in Table 1 .
Electric, Thermal and Vehicular Energy Use 
Biogas Condominiums
Ajuricaba Agroenergy Condominium for Family Agriculture in Brazil
Located in the West Paraná and at the three-way border between Paraguay, Brazil and Argentina, Itaipu Binational is currently the largest hydroelectric plant in the world in power generation. With 20 generator units and 14,000 MW of installed capacity, it provides 17.3% of the energy consumed in Brazil and 72.5% of consumption in Paraguay. In 2016, Itaipu produced 98.6 million MWh, breaking its own world record for energy production [30] . One of the areas of greatest importance for Itaipu Binational is the sub-basin of São Francisco Verdadeiro (SFV), which is inserted in the Paraná III Basin (BP3). The sub-basin has an area of 219.1 km², comprising 11 municipalities and a population of 262,778 inhabitants. This basin also belongs to the UNESCO Hydrology for the Environment, Life and Policy (HELP) program, an initiative that promotes watershed management worldwide according with sustainability criteria.
Some basin rivers flow into the reservoir of Itaipu hydroelectric. Along this route, the stream and its tributaries pass through small farms, smaller than 30 acres, in a region specialized in transforming vegetable protein into animal protein, specifically swine, cattle and poultry. Consequently, there is a high concentration of animals in a small area and also
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As mentioned before, small-scale farms are usually not able to afford a high investment for biogas systems, so a viable alternative to manage this meaningful amount of manure was to create a condominium system, with small-scale neighbor farmers. Itaipu and other partners concentrated their efforts on the ideals convergence for the emergence of a proposal for sustainability and solidarity economy, which is the implementation of an Agroenergy Cooperative Condominium.
The condominium is located in the city of Marechal Cândido Rondon (Parana State) and is constituted by 25 small properties, each one from 10 ha to 20 ha, producing mainly cattle and pigs, generating approximately 821 m 3 of biogas/day, which represents 300,030 m 3 of biogas/year. For the appropriate treatment and management of these wastes, 25 digesters and 25 km of pipelines connected to a thermoelectric micro-center were installed, providing gains to farmers with the production of thermal energy and biofertilizer, which was proved to significantly increase the production of grains [31] . At the first phase of the project, it was projected to generate electric energy through a power generator group of 104 kVA, in the distributed generation model, which consists of power generation close to where the demand occurs, being used for self-consumption of the farmers and excess compensation. The electric generation potential was 350 kWh/day, but due to regulatory limitations and lack of incentive, it was necessary to change the project's focus for thermal energy use. In November 2015, the Brazilian Electric Energy Agency (ANEEL) issued the normative resolution (NR) No. 687, amending the NR 482 of April, 2012, and the main result was the permission of micro and mini distributed generation projects, in which the local concessionaire has 30 d to authorize the generation of energy, and not more than four years, as occurred at the beginning of the project. This delay was crucial for the progress of the electric energy project.
Some of the properties use the biogas as thermal energy in ovens for cooking, in place of liquefied petroleum gas (LPG), and also for heating water for cleaning dairy utensils, improving the quality of milk and consequently, the income generated by its sale. The surplus biogas is being selling for heating boilers at a local cooperative that processes poultries. For its operation, in 2017 it was created an Association of Biogas Producers from Ajuricaba, composed by all these farms [30] .
The vehicular application is being studied by upgrading the biogas and converting it into biomethane in substitution of fossil fuels as diesel, natural gas and gasoline. The biogas generated in the digesters is a gaseous fuel with high energy potential. To get the qualified biogas fuel potential, it is required to refine it in different intensities to obtain the biomethane, which is considered a fuel product whose potential is similar to the natural gas.
Research has been conducted for this application, including the development of a biogas rural transport vehicle. Another possibility is the use of biogas in catalytic reforming for hydrogen production, which would bring a greater appreciation of biogas and increase the feasibility of its use. It is also favorable to use the high quality bio-fertilizer, which is applied to pasture or other crops, further increasing the degree of sustainability of the production system. This arrangement of thermal, electric and vehicular energy use represent a "flexible power plant model" that have a lot of potential in Brazil and in other countries with representative biogas production, such as the US.
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As can be seen, it is possible to transform wastes in a new model for increasing the sustainability of rural properties. Furthermore, all the environmental, economic and social benefits previously described are improving the area and bringing more income for the farmers.
Biogas and Biomethane Regulations and Financial Support in Brazil and the US
A central issue for condominiums feasibility is related to regulations and financial support. In Brazil, biogas and biomethane regulations are being updated and extended in recent years. According to the rules established by ANEEL, through the resolution No. 482/2012, modified by the NR 687/2015, consumers are not allowed to sell the energy to the grid, but they are allowed to install small generators in their consumer units and to use the local electricity system to inject excess energy, which will be converted into a valid energy credit for 60 months. These credits can be used to reduce consumption of the own consumption unit in the following months, in the same ownership, or through an enterprise with multiple consumer units or shared generation, which is the case of biogas condominiums [32] .
Regarding biomethane regulations in Brazil, the resolution No. 8/2015, from the National Agency of Petroleum, Natural Gas and Biofuels (ANP) [33] , stated that biomethane produced from livestock products and wastes (such as swine and poultry), agricultural and agroindustrial wastes will be treated in the same way as natural gas. This means that biomethane may have the same use of natural gas and have the same economic value, as soon as it meets the product quality requirements of natural gas.
In December 2016, Renova Bio Program was launched in Brazil, in order to foment the advance of biofuels sector in the country until 2030. The program aims to provide economic and financial environmental sustainability, establish marketing rules and invest in new biofuels, such as second generation ethanol, The public consultation was opened in early 2017 and the main points suggested for biogas and biomethane project's incentives were:
(a) To define fuel-pricing factor, based on already consolidated methodologies, according to the carbon intensity of the individual life cycle; (b) To stimulate the production of biogas and the shared generation of energies for groups of small producers via environmental licensing of their activities;
(c) To create specific regulatory environment for flexible plants that allow valuation of the energetic in its various end uses [34] .
The perspective is to approve these suggestions in the national congress in the 2nd semester of 2017 and become an important normative in the country.
In the US, with a federal government, each of the 50 states has different regulations and legislative autonomy, but must follow the US constitution. Historically, raw or minimally cleaned biogas has mostly been used to generate electricity to power the facility or sold to the grid. In recent years, rising diesel prices prompted some biogas facilities to upgrade their biogas, generating the biomethane, which can be used for transportation fuel when compressed (CNG) or liquefied (LNG). CNG has been the most common fuel used by fleets, where medium-duty trucks are close to the fueling station, such as city fleets, local delivery trucks and waste haulers. LNG is typically used for heavy-duty trucks traveling along the growing network of LNG fueling stations [9] .
Regarding federal regulations about biomethane, EPA has recognized the benefits of supporting low-carbon fuels resultant from biogas, and in a recent rulemaking, EPA classified many sources of biogas as [35] . New pathways include CNG and LNG produced from landfills, municipal wastewater treatment facilities and livestock digesters as well as municipal solid waste. Furthermore, electricity sourced from biogas that is specifically used to power electric vehicles is now qualified for renewable fuel credits [9] . By providing renewable fuel standard credits for electricity produced from biogas, the rule creates an incentive for utilities to invest in renewable fuels.
Biogas producers are allowed to generate renewable identification numbers (RINs), which are tradable certificates whose value is determined in art by market forces, which include compliance targets for specific fuel categories. The biomethane RIN is named D3 and current market prices range from $0.84 to $2.70 per RIN across all fuel categories [36] .
Regarding financial support for biogas projects, the country has some important programs. Some of them are: (1) Rural Energy for America Program, which provides guaranteed loan financing and grant funding to agricultural producers and rural small businesses for renewable energy systems or to make energy efficiency improvements and (2) Advanced Biofuel Payment Program, which support and ensure an expanding production of advanced biofuels.
In Brazil, there is no government subsides for biogas project implementation. There are some special programs related to biogas, such as the Brazil-Germany Project for the Promotion of Biogas Energy Utilization (PROBIOGÁS) in Brazil, which was in force from 2013 to 2016, aiming at expanding the efficient use of biogas in basic sanitation and in agricultural and agroindustrial initiatives, to insert biogas and biomethane in the national energy matrix and thus contribute to the reduction of GHG emissions. To achieve its objectives, PROBIOGÁS focused on: (1) working to improve regulatory conditions; (2) approaching teaching and research institutions; (3) encouraging the national biogas industry.
The program is the result of technical cooperation between the Brazilian government through the National Secretariat of Environmental Sanitation of the Ministry of Cities and the German government through the Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ) GmbH.
Brazilian government and institutions are elaborating the National Biogas and Biomethane Program, which is expected to be issued this year (2017), and it is the first specific public policy in this sector. This program aims to establish specific conditions for investments in biogas and biomethane, in order to be attractive to potential producers and users and turn biogas and biomethane safe sources of energy, officially inserted in the energy matrix, with stable quality and availability [37] .
For financial support for biogas projects implementation, there are some funding programs, such as Low Carbon Agriculture (ABC) Program, which aims to finance investments that contribute to the reduction of environmental impacts caused by agricultural activities, including access to rural technical assistance to promote improvement of infrastructure associated with the technologies offered by agricultural research. The interest rate is 8.0% per year.
In April of this year, Banco do Brasil (Brazilian Bank) launched the Agro Energy Program, which aims to finance the implementation of plants that generate alternative and renewable energy sources (solar, wind and biogas). Among the financing lines is the National Program for Strengthening Family Agriculture (PRONAF-Eco), which is intended to stimulate income generation and improve the use of family labor for small and medium farms, including investment in renewable energy and environmental sustainability. The interest rate is 2.5% per year, but limited to 50,000 USD [38] .
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Comparative Analysis between Brazil and the US
Based on the information presented in the previous sections, it is possible to state that biogas has been recognized as an environmentally friendly renewable source of energy, converting animal manure that could harm the atmosphere into electric, thermal and vehicular energies, besides producing biofertilizer.
Analyzing the data about the potentials for Brazil and the US, it can be concluded that they are among the top countries in livestock production and have a meaningful potential for biogas and biomethane production, as summarized in Table 6 .
The US has a biogas production 2.6 times higher than Brazil, representing good opportunities to reduce fossil fuels dependence and guarantee energy security for the farmers and local communities. The energy potential of biogas in Brazil is enough to meet the needs of 6.21 million Brazilians per year; in the US, it would meet the needs of 3.2 million residents, taking into account that in Brazil the electric power consumption per capita is much lower than in the US (2,630 kWh/year and 12,988 kWh/year, respectively).
Regarding biomethane potential, Brazil could reduce the annual consumption of diesel gallons in 1,667 and in 1,848 of gasoline gallons, mitigating significant environmental impacts. In the US, this reduction is even more expressive, replacing 4,360 gallons diesel and 4,883 gallons gasoline.
These scenarios for both countries represent favorable conditions to implement biogas projects and biogas condominiums that could explore this renewable source of energy, promoting important environmental, economic and social benefits to local population, with implications for rural and urban areas.
Although there is a growing understanding among investors, policymakers, farmers and communities of the importance of investing in biogas systems, there still are significant barriers toward achieving a robust biogas industry in both countries. The first step to implement a biogas system is to locate in the physical space of the sources that will generate biogas, and then determine if it will be activated unitarily or collectively. In this analysis, it is also important to consider the local energy consumption, prioritizing self-consumption, and if there are other consumers close to the enterprise site.
In Brazil and the US, there are a lot of small and medium farms (38% and 58%, respectively), and often they are not able to implement and operate a biogas Biogas system can also play a vital role in helping Source: compiled from various sources presented in the paper.
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Stimulating the use of biogas induces the balance between water, energy and food nexus, not only by the energy produced, but also by the environmental externalities that it triggers. According to Scott et al. 
Conclusions
From this research, it can be concluded that biogas systems can support sustainable communities by reducing methane emissions, improving water quality, producing a local source of renewable heat, electricity and fuel, providing local energy security and strengthening the local economy by reducing energy costs and generating revenue. They can provide important benefits to environmental, economic and social areas.
With the biogas potential analysis provided by this study, it is clear that Brazil and the US have substantial opportunities to explore this environmentally friendly source of energy, mainly through biogas condominiums arrangements composed by small and medium scale farms. It was identified that the US has a biogas potential to produce the equivalent of 2.5 billion gallons of gasoline for vehicles and power around 3.2 million inhabitants per year, besides reducing methane emissions equivalent to 4-54 million ton GHG/year in 2030. Brazilian's biogas potential is enough to power 6.21 million inhabitants per year and the biomethane potential is 1,961,171 millions gallons per year, which is equivalent to 1,667.42 million gallons of diesel or 1,848.34 million gallons of gasoline.
The study concludes that both countries have made important advances in regulations about biogas and biomethane, as these sources can enhance national energy security through diversification in the energy matrix, and help in the GHG emissions reduction.
Through an interdisciplinary arrangement, it is possible to implement agroenergy condominiums, promoting local sustainable development, with benefits for rural and urban areas.
